CXCL16 has been demonstrated to be involved in the development of atherosclerosis and myocardial infarction (MI). Nonetheless, the role of the CXCL16 polymorphisms on MI pathogenesis is far to be elucidated. We herein genotyped four tagSNPs in CXCL16 gene (rs2304973, rs1050998, rs3744700, and rs8123) in 275 MI patients and 670 control subjects, aimed at probing into the impact of CXCL16 polymorphisms on individual susceptibility to MI. Multivariate logistic regression analysis showed that C allele (OR = 1.31, 95% CI = 1.03-1.66, and = 0.029) and CC genotype (OR = 1.84, 95% CI = 1.11-3.06, and = 0.018) of rs1050998 were associated with increased MI risk; and C allele (OR = 0.77, 95% CI = 0.60-0.98, and = 0.036) of rs8123 exhibited decreased MI risk, while the other two tagSNPs had no significant effect. Consistently, the haplotype rs2304973T-rs1050998C-rs3744700G-rs8123A containing the C allele of rs1050998 and A allele of rs8123 exhibited elevated MI risk (OR = 1.41, 95% CI = 1.02-1.96, and = 0.037). Further stratified analysis unveiled a more apparent association with MI risk among younger subjects (≤60 years old). Taken together, our results provided the first evidence that CXCL16 polymorphisms significantly impacted MI risk in Chinese subjects.
Introduction
Myocardial infarction (MI), a main manifestation of coronary artery disease (CAD), poses increasing pressure on public health worldwide. Numerous environmental factors, such as obesity, hypercholesterolemia, alcohol intake, smoking, diabetes, and hypertension, have been established to contribute to the development of MI [1, 2] . Moreover, in addition to these modifiable factors, there is a growing body of studies having focused on the influence of genetic variants or polymorphisms within candidate genes in MI pathogenesis and thus yielding accumulating evidences that polymorphic variants in host genes exert crucial roles on the risk of MI [3, 4] .
CXCL16, a newly discovered cytokine belonging to the CXC chemokine family, is expressed in both transmembrane and soluble forms [5] . As a transmembrane molecule, CXCL16 (also known as SR-PSOX) acts as a scavenger receptor for oxidized low-density lipoprotein (oxLDL) uptake, suggesting the involvement of CXCL16 in lipid metabolism [6] . While in a soluble form, CXCL16 has been found to interact with its receptor, CXCR6, and thus functions as an attractant and adhesion molecule for CXCR6-expressing T cells, which contribute to the development of atherosclerosis [7, 8] . Mounting evidences have uncovered the close association of CXCL16 with the development of diverse human inflammatory diseases, including atherosclerosis [9] , coronary artery disease [10] , and MI [11] . Enhanced expression of both CXCL16 and CXCR6 has been observed in atherosclerotic lesions from humans as well as from apolipoprotein E-(apoE-) deficient mice [12] . And the elevated expression level 2 Disease Markers of CXCL16 was observed in MI patients as well [11] . Moreover, it has been reported that soluble CXCL16 in plasma could serve as a biomarker for acute coronary syndromes [13] . Thus it was reasonable to speculate that CXCL16 polymorphisms might probably exert an important role in MI pathogenesis.
Though the association between CXCL16 and MI pathogenesis has been fully studied, the effect of polymorphic variants in CXCL16 gene on the individual susceptibility to MI and its underlying molecular mechanisms are far to be elucidated. Thus, we herein conducted a case-control study to explore the association of the four tagSNPs in CXCL16 genes (rs2304973, rs1050998, rs3744700, and rs8123) with the risk of MI. Our data unraveled that the C allele of rs1055998 and the haplotype rs2304973T-rs1050998C-rs3744700G-rs8123A conferred an increased risk of MI in the Chinese Han population.
Materials and Methods

Study Subjects.
A total of 945 Chinese Han subjects (275 MI patients and 670 control subjects) were included in our case-control study, who were consecutively recruited from the Affiliated Hospital of Guangdong Medical University (Zhanjiang, China) and the First People's Hospital of Foshan (Foshan, China) from March 2011 to December 2015. The diagnosis of MI was described previously [3] . 670 control subjects were recruited for regular physical examinations during the same period when MI patients were recruited. The 670 control subjects were judged to be free of MI by questionnaires, medical history, clinical examination, and electrocardiography. The individuals with a history of hematologic, renal, neoplastic, liver, or thyroid diseases were excluded.
All study subjects were genetically unrelated ethnic Han Chinese. Each subject was interviewed to collect information on demographic data and risk factors related to MI after obtaining the informed consent. The study was approved by the Medical Ethics Committee of the First People's Hospital of Foshan and the Affiliated Hospital of Guangdong Medical University.
Biochemical Parameters
Analysis. An approximately 2 mL peripheral blood sample was drawn from each subject into tubes containing ethylenediaminetetraacetic acid (EDTA) after obtaining the informed consent. Immediately after collection, the blood sample was centrifuged at 2000 ×g for 15 min and stored at −80 ∘ C. The levels of plasma total cholesterol (TC), triglyceride (TG), high density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) were measured enzymatically using a chemistry analyzer (Olympus, Japan). Glucose was analyzed by the glucose oxidase method with an Abbott V/P Analyzer (Abbott Laboratories, USA).
DNA Extraction.
Genomic DNA was extracted from peripheral whole blood utilizing TIANamp blood DNA extraction kit (TianGen Biotech, China) according to the manufacturer's recommendations. All DNA samples were dissolved in water and stored at −20 ∘ C until use. Figure 1(c) ). These four tagSNPs would capture the information of the 8 known CXCL16 SNPs with a MAF > 0.05 (Figure 1(b) ). Furthermore, the haplotypic blocks of the four tagSNPs were performed with the SHEsis platform [15] .
The genotyping of the four tagSNPs was performed utilizing polymerase chain reaction-ligase detection reaction (PCR-LDR) method (Shanghai Biowing Applied Biotechnology Company), as described previously [16] . The sequences of primers and probes were listed in Table S1 in Supplementary Material available online at https://doi.org/10.1155/2017/ 9463272.
Statistical Analysis.
All the four tagSNPs of CXCL16 gene were tested for confirmation using Hardy-Weinberg expectations by a goodness-of-fit 2 test among the control subjects. Quantitative variables were expressed as mean ± standard deviation (SD), and qualitative variables were expressed as percentages. The differences of the demographic characteristics between the cases and controls were estimated by the 2 test (for categorical variables) and Student's t-test (for continuous variables).
For the association analysis of individual tagSNP with MI risk, genotype frequencies were assessed by means of multivariate methods based on logistic regression analysis. And the odds ratios (ORs) and 95% confidence intervals (CIs) for the effect of SNPs on MI risk were adjusted by age, sex, smoking, drinking, hypertension, diabetes, and hyperlipidemia. The statistical analyses were performed using the SPSS software (version 19). The haplotype analysis on the polymorphisms was done using SHEsis software freely available at (http://analysis.bio-x.cn/myAnalysis.php). value of less than 0.05 was used as the criterion of statistical significance.
Results
Characteristics of the Study Population.
The characteristics of the enrolled subjects in the study (275 MI cases and 670 control subjects) were listed in Table 1 . In comparison with control subjects, the MI patients exhibited higher proportion of male gender, smokers, and alcohol consumers ( < 0.001, < 0.001, and < 0.001, resp.), more prevalence of hypertension, hyperlipidemia and diabetes ( < 0.001, < 0.001, and < 0.001, resp.), and higher levels of fasting plasma glucose (FPG), triglycerides (TG), and LDL-C ( < 0.001, < 0.001, and < 0.001, resp.) but lower HDL-C ( < 0.001), while no statistically significant difference between cases and controls was observed in terms of age ( = 0.483) and TC levels ( = 0.175). In all, these data further demonstrated that male gender, smoking, alcohol intake, hypertension, 2 values are plotted as a graph to show the linkage disequilibrium measure among the eight SNPs (rs8123, rs3744700, rs1876444, rs2277680, rs1050998, rs8071612, rs2250333, and rs2304973) captured by these four tagSNPs within CXCL16 gene.
hyperlipidemia, and diabetes mellitus were the critical risk factors for MI development in Chinese population.
Multivariate Associations of Four tagSNPs with the Risk of MI.
Four tagSNPs (rs2304973, rs1050998, rs3744700, and rs8123) in CXCL16 gene were genotyped in 275 MI patients and 670 control subjects. The primary information for these four polymorphisms was listed in Table 2 . Minor allele frequency (MAF) of all four tagSNPs in the control subjects was similar to MAF for Chinese in HapMap database ( Table 2 ). All the genotype frequency distributions of the four tagSNPs in the controls followed Hardy-Weinberg equilibrium proportions (all P values ≥ 0.10, Table 2 ).
The allele and genotype distributions of the four tagSNPs in the cases and controls were presented in Table 3 . The allelic association analysis uncovered that the C allele of rs1050998 was associated with an evidently enhanced risk of MI (OR = 1.31, 95% CI = 1.03-1.66, and = 0.029, Table 3 ). In addition, compared to TT genotype, the CC homozygote (OR = 1.84, 95% CI = 1.11-3.06, and = 0.018, Table 3 ) or CT heterozygote (OR = 1.67, 95% CI = 1.03-2.70, and = 0.037, Table 3 ) exhibited an increased risk of MI as well. Moreover, the C allele of rs8123 conferred a diminished risk of MI compared to A allele (OR = 0.77, 95% CI = 0.60-0.98, and = 0.036, Table 3 ). Consistently, the CC as well as combined AC + CC genotypes showed borderline significantly decreased risk for MI (Table 3 , OR = 0.58, 95% CI = 0.34-1.01, and = 0.054 and OR = 0.73, 95% CI = 0.52-1.02, and = 0.065, resp.), in comparison with the GG genotype. In all, our data indicated that CXCL16 tagSNPs were closely associated with MI risk in the Chinese Han population. And individuals carrying C allele of rs1050998 exhibited significantly increased MI susceptibility, while the C allele of rs8123 potentially provided a protective effect against MI risk. However, no significant association between rs2304973 and rs3744700 and MI risk was observed (Table 3) .
Stratification Analyses of CXCL16 rs1050998 and rs8123
Polymorphism and Risk of MI. We further evaluated the alleles or genotypes of CXCL16 rs1050998 and rs8123 and MI susceptibility after stratifying the subjects by age, sex, status of smoking, or drinking. Stratification analyses by age (≤60 or >60 years old) unveiled that the increased MI risk of individuals carrying C allele (OR = 1.59, 95% CI = 1.08-2.35, and = 0.020, Table 4 ) or CC genotype (OR = 2.49, 95% CI = 1.11-5.59, and = 0.027, Table 4 ) of rs1050998 was more notable among younger subjects (≤60 years old) whereas no significant association was observed from the group older than 60 years old (Table 4) . And the protective effect of C allele (OR = 0.60, 95% CI = 0.40-0.89, and = 0.012, = 0.16-0.93, and = 0.031, Table 4 ) of rs8123 was more evident among younger subjects (≤60 years old) as well. No more significant association between CXCL16 rs1050998 and rs8123 polymorphism and risk of MI was observed among subgroups by sex, status of smoking, or drinking (data not shown). Figure 1(b) , all the four tagSNPs were located in one haplotypic block. We thus further compared the haplotype frequencies of the four tagSNPs between MI group and controls. Four common haplotypes (frequency > 3%) derived from the four tagSNPs accounted for approximately 96% of the haplotype variations (Table 5) . Consistently, among the four common haplotypes, the haplotype containing C allele of rs1050998 and A allele of rs8123 (rs2304973T-rs1050998C-rs3744700G-rs8123A) was found to be associated with an increased risk for MI (OR = 1.41, 95% CI = 1.02-1.96, and = 0.037, Table 5 ); and the haplotype containing T allele of rs1050998 and C allele of rs8123 (rs2304973C-rs1050998T-rs3744700G-rs8123C) exhibited a reduced MI risk (OR = 0.77, 95% CI = 0.62-0.96, and = 0.022, Table 5 ).
Association between the Haplotypes of CXCL16 tagSNPs with the Risk of MI. As shown in
Discussion
Previous studies have established the close association between CXCL16 and the pathogenesis of atherosclerosis and MI. Nonetheless, the impact of tagSNPs in CXCL16 gene on MI risk is still largely unknown. In this study, we performed a genetic association analysis on the four tagSNPs (rs2304973, rs1050998, rs3744700, and rs8123) within CXCL16 gene and unraveled that the C allele of rs1050998 and the A allele of rs8123 and the haplotype rs2304973T-rs1050998C-rs3744700G-rs8123A containing C allele of rs1050998 and the A allele of rs8123 conferred enhanced risk of MI in the Chinese Han population. Moreover, the association between CXCL16 polymorphisms and MI risk was more remarkable among younger subjects (≤60 years old). These data indicated that the C allele of rs1050998 and the A allele of rs8123 might significantly enhance the risk of MI in the Chinese Han population.
The association of polymorphisms of the CXCL16 gene locus with various inflammatory diseases has been widely studied [17] . However, the effect of CXCL16 tagSNPs on MI risk is still unknown. Zivković et al. have reported that the rs1050998 (I142T) polymorphisms were significantly associated with the occurrence of Carotid Atherosclerosis (CA) plaque (OR = 1.27, = 0.03) [9] . Our data indicated that Disease Markers 5 individuals carrying C allele of rs1050998 exhibited enhanced MI risk, which was consistent with the previously published literature [9] . Another study suggested that the rs2304973 showed no significant difference between CAD patients and control subjects [18] , which was compatible with our results that there is no evident association of rs2304973 with the risk of MI. In addition, the rs3744700 polymorphism has been reported to be closely related to the development of CAD (OR = 1.77, < 0.001) [18, 19] ; however, there is no significant association between rs3744700 and MI risk in our case-control study, which might be due to the difference between CAD and MI.
As shown that both rs1050998 and rs8123 tagSNPs capture other closely linked SNPs (high LD) within or near the CXCL16 gene locus (Figure 1) , thus the association of rs1050998 and rs8123 polymorphisms with MI risk might be direct due to their causative effect or because of the other functional polymorphisms captured by them. The rs2277680 polymorphism captured by rs1050998 has been unveiled to have a marginal association with the risk of Crohn's disease (CD) in patients ( = 0.0482, OR = 1.4310) [20] but exhibited no significant association with CAD risk [18] . Similarly, no significant difference was observed for the distribution of the rs2250333 polymorphism captured by rs8123 between CAD patients and control subjects as well [18] . We noticed that the CXCL16 rs1050998 (T/C) polymorphism caused the Tto-C change, which resulted in the missense mutation of I (Ile) 142T (Thr). One single amino acid mutation might extensively impact the structure, stability, and activity of the protein [21] [22] [23] , especially when the amino acid changed between nonpolar amino acid (Ile) and polar amino acid (Thr) [24] . Thus, it is reasonable to speculate that the rs1050998 polymorphism might exert a direct causative effect on the MI risk. The stratified analyses of the association of rs1050998 and rs8123 polymorphisms with MI risk revealed that the increased risk of CXCL16 rs150998 and rs8123 in MI was more remarkable among younger subjects (≤60 years old), while no significant association was observed in the older group (>60 years old) ( Table 4) . This phenomenon was similar to our previous study, which uncovered that the enhanced risk conferred by LRP6 rs rs2302685 in MI was more evident among younger subjects (≤60 years old) as well [3] . The potential explanation to this phenomenon was that the dominant cause of MI pathogenesis in older subjects is more likely due to the aging effects rather than direct genetic effects.
There are several limitations in this case-control study that need to be addressed. Initially, the possibility that the subjects (275 MI patients and 670 control subjects) enrolled from hospitals may not represent the general population could not be excluded. Nevertheless, the distributions of the selected tagSNPs in the controls were in Hardy-Weinberg equilibrium. Second, the relatively small sample size limited the statistical power of this study, especially for the case subjects. Finally, further investigations in different population and with larger sample size contribute to verifying the general validity of our findings. However, the results drawn from our case-control study provided novel insights and fascinating information for further studies in this area.
Conclusions
Taken together, our case-control study firstly provides the evidences that the CXCL16 polymorphisms significantly impacted the risk of MI in the Chinese Han population, and the association between CXCL16 polymorphisms and MI risk was more evident among younger subjects.
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